ABSTRACT In this study, coccidia were isolated and identified from 5 main poultry farms located in Zhejiang province, eastern China. The overall prevalence of Eimeria spp. was 30.7% (95 of 310). Five common species were observed: E. tenella, E. acervulina, E. maxima, E. necatrix, and E. mitis. Two isolates (HZ and QZ) were tested for sensitivity to 8 anticoccidial drugs using 4 indexes including anticoccidial index (ACI), percent of optimum anticoccidial activity (POAA), reduction of lesion scores (RLS), and relative oocyst production (ROP): sulfachloropyrazine, toltrazuril, diclazuril, sulfamonomethoxine/trimethoprim, and amprolium; sulfaquinoxaline/sulfadimethoxine, nicarbazin, and halofuginone. The results showed that the 2 isolates have developed various degrees of resistance to most of the tested drugs. The multi-resistance coccidia are a potential threat to local poultry farming. Rotation of anticoccidial drugs and shuttle programs are recommended to prevent further economic losses caused by coccidiosis.
INTRODUCTION
Eimeria spp., protozoan parasites in the phylum Apicomplexa cause coccidiosis. In poultry, 7 species are the primary etiologic agents. These are E. tenella, E. acervulina, E. maxima, E. necatrix, E. mitis, E. brunette, and E. praecox , with each leading to some unique signs (Williams, et al., 2009 ). These pathogens may cause moderate to severe damage to the intestinal tract of chicken, resulting in bloody diarrhea, reduced body weight gain, low feed efficiency, and death in the severe cases (Zhang, et al., 2012; Gyorke, et al., 2013) .
China is one of the largest chicken producers in the world. The production of chicken meat and eggs were 18.26 million and 29.99 million tons in 2015, respectively, according to the National Bureau of Statistics of People's Republic of China (NBSPRC, 2015) . Zhejiang province plays an important role in the poultry industry. The production of poultry meat and eggs in Zhejiang were about 237 and 333 thousand tons in 2015, respectively, according to the Zhejiang Provincial Bureau of Statistics (ZJPBS, 2016) . The rapid development of modern poultry industry relies primarily on the prophylactic and therapeutic use of anticoccidial drugs (Bozkurt, et al., 2013; Bozkurt, et al., 2016) . This widely adapted approach is effective but costly. Unfor-tunately, the prolonged use of these drugs has given rise to an emergence of resistant strains (Chapman, et al., 2010; Abbas, et al., 2011; Zhang, et al., 2013) .
Investigation on coccidia species and drug resistance is critical in development of a strategy for prevention and control of coccidiosis. The main goals of this study are to determine the prevalence of Eimeria spp. and how sensitive they are to widely used coccidiocital drugs in Zhejiang province, China. The data should be helpful for poultry producers and farmers to control the disease effectively.
MATERIALS AND METHODS

Ethics
All procedures performed in studies involving animals were in accordance with the ethical standards of the Institutional Animal Care & Use Committee (IACUC) at Zhejiang University (Permit Number: ZJU201308-1-10-072).
Each sample was gathered from 5 different sites of each selected housing facility and contained approximately 200 g fresh feces. Each fecal sample was assayed by using saturated sodium chloride floatation (3,000 rpm, 10 min) to obtain the oocysts. After sporulation in 2.5% potassium dichromate solution for 48 h at 28
• C, oocysts were identified according to their morphology (size, shape, and color) in a cell counting chamber (Yuhuan Qiujing Medical Instrument Factory, Tai Zhou, China) under a Nikon Eclipse 90i microscope (Nikon, Japan).
Isolates for Resistance Trials
Two typical isolates of mixed Eimeria (named QZ and HZ) were used for drug resistance experiments. QZ and HZ were isolated from fecal samples in the farms located in Qu Zhou and Hu Zhou city, Zhejiang province, respectively. The isolates were propagated in 2-week-old chickens for recovery. The species were further verified by a multiplex PCR assay (Moraes, et al., 2015) and 7 pairs of species-specific primers were used as previously (Fernandez, et al., 2003) .
For genomic DNA extraction, oocysts (6 × 10 6 ) were sterilized using sodium hypochlorite solution (active chlorine ≥5.2%). The oocysts' walls were broken using a tissue grinder at 4
• C. After centrifugation, the pellet was resuspended in a solution containing 0.25% (w/v) trypsin (Sangon Biotech, Shang Hai, China) and 5% (v/v) chicken bile (extracted from healthy chickens) by 41
• C for 75 min and used for DNA extraction using a commercial kit TIANamp Genomic DNA Kit (TIANGEN, Cat. No. DP304-02, Beijing, China).
The PCR amplification was based upon a 25 μl volume consisting of one μl genomic DNA template (56.5 ng/μl), 0.5 μl of each primer (20 μM, synthesized by Sangon Biotech Co., Ltd., Shang Hai, China), 12.5 μl 2 × Taq Master Mix (GeneSolution, Cat. No. GST101-1 mL), and 10.5 μl distilled deionized water. DNA was initially denatured for 5 min at 96
• C followed by 30 cycles at 94
• C for one min, 65
• C for 2 min, and 72
• C for one min with a final extension at 72
• C for 7 minutes.
Birds
The one-day-old broiler chickens (Mei-Ling) were purchased from a local breeding center (Zhejiang GuangDa ZhongQin CO. LTD., Hang Zhou, China). These chickens were caged in a heat-treated coccidianfree house and offered a basal feed and cold boiled water until 12 d of age as previously described (Lan, et al., 2016) . The temperature was maintained at 28 to 30
• C by electric heater and air conditioners.
Drugs
Eight kinds of anticoccidial drugs studied were all purchased from Guangdong Wens Dahuanong Biotechnology Co., Ltd (Yun Fu city, Guangdong province, China). The recommended usage and dosage of the coccidiostats were adopted in the experiments as follows: sulfachloropyrazine sodium (one g per L water), toltrazuril (one mL per L water), diclazuril (one mL per L water), sulfamonomethoxine sodium/trimethoprim (2 g per L water), amprolium hydrochloride (0.5 g per L water), sulfaquinoxaline/sulfadimethoxine (0.5 g per kg feed), nicarbazin (0.5 g per kg feed), and halofuginone (0.5 g per kg feed). The coccidiostats above were partially or widely used in the investigated chicken farms according to the local farmers, veterinarians, and feed suppliers.
Experimental Design
At 12 d of age, 360 chickens having almost the same weight and size were selected, weighed (recorded as initial body weight [BW]), and randomly assigned to 18 groups with 20 chickens per group. There were no significant differences among the initial weights of each group. The 12-day-old chickens of the medicated groups were administered with various coccidiostats under recommended usage and dosage as outlined above from d 12 to d 21. The uninfected control groups were offered a basal diet and water without medication until the end of the experiment. At 14 d of age, chickens were orally infected with of 4.0 × 10 4 sporulated oocysts of each strain except the uninfected control groups. Clinical signs were monitored and recorded twice daily post infection for 7 days. On the seventh d post infection, all the chickens were weighed (final BW) and euthanized for necropsy.
Evaluation of Drug Resistance
Drug resistance of Eimeria spp. was assessed by a combination of 4 indexes. Briefly, if 3 to 4 indexes showed resistance, the protozoan strain was severe drug resistance (+++ / ++++). Two meant moderate drug resistance (++), one or none meant no drug resistance. The indexes were 1) Anticoccidial index (ACI), ACI = (rate of relative body weight gain + survival rate) -(lesion score + oocyst value). An ACI value of ≥160 indicated sensitive and <160 was resistance (Johnson and Reid, 1970; Fei, et al., 2013) . 2) Percent of optimum anticoccidial activity (POAA), POAA = (GSR in medicated group -GSR in infected-unmedicated group) / (GSR in uninfected-unmedicated group -GSR in infected-unmedicated group) × 100%, a modified GSR (growth and survival ratio) was defined as final body weight divided by initial body weight. POAA >50% was judged to be sensitive and ≤ 50% was resistance (Rathinam and Chapman, 2009; Arabkhazaeli, et al., 2013) . 3) Reduction of lesion scores (RLS), RLS = (average lesion score in infected-unmedicated group -average lesion score in medicated group) / average lesion score in infected-unmedicated group × 100%. RLS ≥ 50% was judged to be sensitive and < 50% was resistance (McDougald, et al., 1987) . 4) Relative oocyst production (ROP), ROP = oocyst output in medicated group / oocyst output in infected-unmedicated group × 100%. ROP ≥ 15% was judged to be resistance and <15% was sensitive (Chen, et al., 2001 ).
Statistical Analysis
Data were analyzed by the software SPSS 19.0 or GraphPad Prism 5 using a Windows XP system. The body weights were analyzed by one-way ANOVA. The difference was considered significant if P < 0.05.
RESULTS
Prevalence of Eimeria Species
Five Eimeria species were identified based on the morphology of oocysts in the feces collected from the main poultry farms of Zhejiang province, eastern China. They were E. tenella, E. maxima, E. necatrix, E. acervulina, and E. mitis as shown in Figure 1 . The total prevalence of Eimeria species infection among the fecal samples was 30.7% (95/310). In the positive samples, the most prevalent species was E. tenella (30.5%), followed by E. acervulina (24.2%), E. maxima (21.1%), E. necatrix (14.7%), and E. mitis (9.5%). The results indicated that some chickens were infected by single Eimeria spp., whereas others were infected with more than one Eimeria spp. All the infected chickens appeared healthy. No outbreak of coccidiosis was found. 
Resistance to Anticoccidial Drugs
The oocysts of the 2 isolates QZ and HZ were recovered and quantified. Both QZ and HZ isolates contained 4 common species of Eimeria based on the shape index of oocysts. The QZ isolate was made up of 48% E. tenella oocysts, 23% E. maxima oocysts, 15% E. necatrix oocysts, and 14% E. acervulina oocysts, and the HZ isolate consisted of 42% E. tenella oocysts, 29% E. maxima oocysts, 20% E. necatrix oocysts, and 9% E. acervulina oocysts. The species were further confirmed by a multiplex polymerase chain reaction assay (Figure 2) with the PCR products sequenced.
We next assayed sensitivity of QZ and HZ parasites to commonly used coccidiostats. As shown in Table 1 , 1 SC, sulfachloropyrazine sodium; TOL, toltrazuril; DIC, diclazuril; SMM/TM, sulfamonomethoxine sodium/trimethoprim; AMP, amprolium hydrochloride; SQ/SDM, sulfaquinoxaline/sulfadimethoxine; NIC, nicarbazin; HAL, halofuginone; BWG, body weight gain; N-ctl, uninfected-unmedicated negative control; P-ctl, infected-unmedicated positive control.
Data represent mean ± SD ( * P < 0.05 vs. P-ctl; * * P < 0.01 vs. P-ctl; * * * P < 0.001 vs. P-ctl; ns, no significant differences).
the survival rate of groups infected by the QZ isolate and administered with sulfachloropyrazine, toltrazuril, diclazuril, sulfamonomethoxine/trimethoprim, amprolium, and sulfaquinoxaline/sulfadimethoxine were 90, 75, 100, 85, 100, and 55%, respectively. But all the chickens survived in the groups infected with the HZ isolate. The body weight rate, lesion scores, oocysts value, and ACI value also are summarized in Table 1 . According to ACI value, diclazuril can effectively treat the chickens infected with the QZ isolate and halofuginone also was shown to be highly effective to coccidiosis induced by the HZ isolate. In other words, QZ isolates have developed resistance to sulfachloropyrazine, toltrazuril, sulfamonomethoxine/trimethoprim, amprolium, and sulfaquinoxaline/sulfadimethoxine. The POAA of each group was calculated according to the growth and survival ratio (Table 2 ). According to this index, the QZ isolate was sensitive to diclazuril and amprolium. The HZ isolate was sensitive to amprolium, sulfaquinoxaline/sulfadimethoxine, nicarbazin, and halofuginone. The results of RLS and ROP are presented in Table 3 .
Taking all 4 indexes into consideration (Table 4), the QZ isolate developed light resistance to diclazuril and severe resistance to sulfachloropyrazine, toltrazuril, sulfamonomethoxine/trimethoprim, amprolium, and sulfaquinoxaline/sulfadimethoxine. The HZ isolate developed light resistance to sulfaquinoxaline/sulfadimethoxine and halofuginone, moderate resistance to nicarbazin, and severe resistance to sulfachloropyrazine, toltrazuril, diclazuril, sulfamonomethoxine/trimethoprim, and amprolium. 
DISCUSSION
In this study, the traditional morphological observation method was used to identify the Eimeria spp. The overall prevalence of Eimeria spp. in the chicken farms was 30.7%. The most prevalent species were E. tenella (30.5%) and E. acervulina (24.2%). However, chickens on the investigated farms did not show obvious clinical signs. This indicates that broilers may be in subclinical infection. Subclinical coccidiosis infections also could cause significant economic impact due to reduced growth rate and feed conversation (Shirzad, et al., 2011) . Nevertheless, it is often ignored by chicken farmers.
To prevent the outbreak of coccidiosis, coccidiostats were added to the chicken feed. The long-term use of drugs has made the Eimeria spp. in many geographic regions resistant to almost all of them (Hong, et al., 2009; Peeters, et al., 1994; Peek and Landman, 2003) . Resistance could be detected by means of different methods such as a PCR coupled capillary electrophoresis approach (Morris, et al., 2007) , a real-time quantitative PCR based proliferation inhibition assay in cell culture (Jenkins, et al., 2014; Thabet, et al., 2015) , and application of E. tenella infection in chick embryos to test the drug resistance (Xie, et al., 1991; Zhang, et al., 2001) . In this study the most common assay by feeding the infected chickens with drugs was used and 4 commonly used anticoccidial efficacy indexes (ACI, POAA, RLS, and ROP) were adopted. Based on the results, the 2 isolates from 2 farms showed similar severe resistance to sulfachloropyrazine, toltrazuril, sulfamonomethoxine/trimethoprim, and amprolium. On the other hand, the QZ isolate showed only a slight resistance to the diclazuril and severe resistance to sulfaquinoxaline/sulfadimethoxine, while the results turned out to be opposite regarding the HZ isolate. This result is consistent with the prior studies (McDougald, Da Silva, Solis and Braga, 1987) that coccidia isolates from different poultry farms showed various degrees of resistance to anticoccidial drugs, and this is because of the diverse programs in controlling coccidiosis and the availability of drugs.
In conclusion, the multi-resistance coccidia are a potential threat to local poultry farming. Rotation of anticoccidial drugs and shuttle programs (an alternative program) are recommended to prevent further economic losses caused by coccidiosis.
